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Does Time-on-task Estimation Matter? 




























regarding	 different	 time-on-task	 estimation	methods	 and	 their	 influence	 on	 research	 findings.	
Based	on	modelling	different	student	performance	measures	with	popular	statistical	methods	in	
two	 datasets	 (one	 online,	 one	 blended),	 our	 findings	 indicate	 that	 time-on-task	 estimation	
methods	play	an	 important	role	 in	shaping	the	final	study	results,	particularly	 in	online	settings	
where	the	amount	of	interaction	with	LMS	is	typically	higher.	The	primary	goal	of	this	paper	is	to	
raise	awareness	and	initiate	debate	on	the	important	issue	of	time-on-task	estimation	within	the	
broader	 learning	 analytics	 community.	 Finally,	 the	 paper	 provides	 an	 overview	 of	 commonly	
adopted	time-on-task	estimation	methods	in	educational	and	related	research	fields.	
	













performed	 through	 system	 use,	 typically	 by	 either	 students	 (e.g.,	 reading	 discussions,	 submitting	
assignments)	or	 instructors	(e.g.,	uploading	student	grades).	One	benefit	of	trace	data	is	that	 it	can	be	
easily	 converted	 to	aggregate	numerical	count	data	 showing	 frequencies	of	different	 actions	 for	 each	
student.	Count	data	 is	useful	 in	 the	educational	 context	as	 it	enables	an	overview	of	 student	 learning	





classroom	 learning	 in	 the	 1970s,	 the	 amount	 of	 time	 students	 actually	 spent	 on	 learning	 has	 been	
identified	as	one	of	the	central	constructs	affecting	learning	success	(Bloom,	1974;	Stallings,	1980).	To	this	
day,	one	of	the	primary	ways	of	improving	student	learning	is	to	develop	learning	activities	that	support	






















the	results	of	several	multiple	 linear	regression	models	 in	 two	separate	datasets	 from	fully	online	and	








































studies	 (Calderwood,	 Ackerman,	&	 Conklin,	 2014;	 Judd,	 2014;	 Rosen,	Mark	 Carrier,	&	 Cheever,	 2013)	
continue	to	illustrate	the	complexities	and	possible	inaccuracies	linked	to	time	estimation	in	the	digital	
age.	Given	the	ubiquitous	access	to	technology,	student	learning	activities	are	characterized	by	high	levels	
of	 distraction	 and	multi-tasking,	 which	 are	 shown	 to	 have	 negative	 effects	 on	 student	 attention	 and	
learning	(Bowman,	Waite,	&	Levine,	2015).	For	example,	Calderwood	et	al.	(2014)	conducted	a	laboratory	
study	 with	 58	 participants	 that	 looked	 at	 their	 levels	 of	 distraction	 over	 a	 three-hour	 period	 of	 self-









of	 student	 multi-tasking	 while	 engaged	 in	 a	 learning	 activity.	 Using	 a	 specifically	 designed	 tracing	
application	installed	on	the	computers	of	1,249	participants,	Judd	noted	that	Facebook	users	spent	almost	
10%	of	 their	 study	 time	on	Facebook	 rather	 than	studying.	 In	addition,	99%	of	 student	 study	sessions	








this	 context	 “off-task”	 should	be	understood	as	 “off-system”	meaning	 that	 students	 spend	some	 time	
outside	the	system.	This	does	not	necessarily	mean	not	engaging	in	productive	learning	activities	(e.g.,	
reading	 a	 printed	 document	 or	 attending	 a	 study	 group	 meeting);	 however,	 given	 that	 time-on-task	




















































through	 different	 parts	 of	 a	Web-based	 system.	 According	 to	 Chitraa	 and	 Davamani	 (2010),	 the	 pre-
processing	 in	 WUM	 consists	 of	 four	 separate	 phases:	 1)	 Data	 cleaning,	 which	 involves	 removal	 of	






1. Time-oriented	 heuristics,	 which	 place	 an	 upper	 limit	 on	 the	 total	 session	 time	 (typically	 30	
minutes),	or	an	upper	limit	on	a	single	Web	page	time	(typically	10	minutes)	(Cooley,	Mobasher,	
&	Srivastava,	 1999;	Mobasher,	Cooley,	&	Srivastava,	 1999).	 Early	empirical	 studies	 found	25.5	
minutes	to	be	an	average	duration	of	Web	session	(Catledge	&	Pitkow,	1995).	






















Moodle)	 store	 student	 activity	 information	 in	 their	 relational	 databases,	 and	 therefore	 typical	WUM	













the	 fields	of	 learning	analytics	 (LA)	 and	educational	data	mining	 (EDM)	 that	 adopt	novel	 strategies	 to	



















on-task	 measures	 were	 calculated	 (e.g.,	 Lust,	 Elen,	 &	 Clarebout,	 2013a,	 2013b;	 Lust,	 Vandewaetere,	
Ceulemans,	 Elen,	&	 Clarebout,	 2011;	Macfadyen	&	Dawson,	 2010;	 Romero,	 Espejo,	 Zafra,	 Romero,	&	
Ventura,	 2013;	 Romero,	 Ventura,	 &	 García,	 2008;	Wise,	 Zhao,	 &	 Hausknecht,	 2013).	 Typically,	 those	














(2011)	 measured	 time-on-task	 as	 the	 difference	 between	 the	 start	 and	 the	 end	 of	 an	 experimental	
learning	activity.	
	





































4 STUDY DATASETS 
 




















• TMA3	 (15%	of	 the	 final	 grade):	 Students	were	 requested	 to	demonstrate	 critical	 thinking	 and	
synthesis	skills	by	answering	six	questions	(400–500	words	each)	related	to	the	course	readings.	
• TMA4	(30%	of	the	final	grade):	Students	were	required	to	work	in	groups	of	2–3	on	a	software	
































	 Students	 Actions	 Messages	 Actions/Student	 Messages/Student	
Winter	2008	 15	 33,976	 212	 2,265	 14.1	
Fall	2008	 22	 49,928	 633	 2,269	 28.8	
Summer	2009	 10	 21,059	 243	 2,106	 24.3	
Fall	2009	 7	 11,346	 63	 1,621	 9.0	
Winter	2010	 14	 31,169	 359	 2,226	 25.6	
Winter	2011	 13	 19,783	 237	 1,522	 18.2	
Average	(SD)	 13.5	(5.1)	 27,877	(13,561)	 291.2	(192.4)	 2,002	(340)	 20.0	(7.6)	










#	 Module	 Name	 Description	
1	 Assignment	 AsignmentViewCount	 Number	of	assignment	views.	
2	 Forum	 ResourceViewCount	 Number	of	resources	views.	
3	 Forum	 DiscussionViewCount	 Number	of	course	discussion	views.	
4	 Forum	 AddPostCount	 Number	of	posted	messages.	
5	 Forum	 UpdatePostCount	 Number	of	post	updates.	
	 Time-on-Task	Measures	
#	 Module	 Name	 Description	
1	 Assignment	 AsignmentViewTime	 Time	spent	on	course	assignments.	
2	 Forum	 ResourceViewTime	 Time	spent	reading	course	resources.	
3	 Forum	 DiscussionViewTime	 Time	spent	viewing	course	discussions.	
4	 Forum	 AddPostTime	 Time	spent	posting	discussion	messages.	

































ID	 Phase	 Messages	 (%)	
0	 Other	 140	 8.01%	
1	 Triggering	Event	 308	 17.63%	
2	 Exploration	 684	 39.17%	
3	 Integration	 508	 29.08%	
4	 Resolution	 107	 6.12%	
	 All	Phases	 1,747	 100%	
 
4.2 Blended Courses Dataset 
 
4.2.1	 Courses	organization	
In	 order	 to	 examine	 the	 effects	 of	 diverse	 course	 organizations	 on	 the	 use	 of	 different	 time-on-task	
estimation	strategies,	we	used	a	large	dataset	from	a	Spring	2012	offering	of	nine	first-year	courses	at	a	




was	based	on	a	 consistent	 low	 retention	 in	 the	program	and	 course	 success	 in	 the	past	 five	 years.	 In	
addition,	all	ESAP	courses	were	required	to	have	more	than	150	students	enrolled.	Before	the	start	of	the	
courses,	all	students	were	informed	about	compliance	with	the	university’s	ethics	and	privacy	regulations	
and	 that	 the	 LMS	 data	 would	 be	 collected	 and	 used	 for	 improving	 the	 quality	 of	 the	 courses	 and	
understanding	of	student	learning	behaviours.	
	
All	nine	courses	were	offered	using	a	blended	 learning	approach	 in	which	 face-to-face	 instruction	was	
accompanied	by	an	online	component	provided	by	the	university’s	central	Moodle	LMS	platform	(e.g.,	
assignments,	 resources,	 quizzes,	 chat,	 student	 discussions).	 The	 nine	 courses	 of	 the	 ESAP	 initiative	
included	in	this	study	were	from	a	wide	range	of	disciplines.	Those	include	two	courses	from	biology	(BIOL	

























list	 of	 extracted	 measures	 is	 shown	 in	 Table	 6.	 We	 extracted	 six	 measures	 that	 do	 not	 have	 a	









In	 contrast	 to	 the	 first	dataset,	 in	which	we	extracted	a	variety	of	outcome	measures,	 for	 the	 second	
analysis	we	focused	only	on	a	single	outcome	measure,	a	course	final	percentage	grade.	Given	that	each	
course	has	a	specific	grading	structure	and	list	of	assignments,	in	order	to	examine	the	effect	of	course	










Course	 Students	 Actions	 Messages	 Actions/Students	 Messages/Students		
ACCT	 734	 327,423	 515	 446	 0.70	
BIOL	1	 216	 221,102	 206	 1,024	 0.95	
BIOL	2	 648	 595,730	 1024	 919	 1.58	
COMM	 494	 210,085	 509	 425	 1.03	
COMP	 236	 100,638	 0	 426	 0.00	
ECON	 646	 409,116	 416	 633	 0.64	
GRAP	 172	 14,746	 0	 86	 0.00	
MARK	 712	 327,144	 407	 459	 0.57	
MATH	 191	 119,997	 56	 628	 0.29	
Average	(SD)	 449	(243)	 258,442	(172,570)	 348	(329)	 561	(282)	 0.64	(0.51)	





Assignment	 X	 X	 	 X	 X	 X	 	 X	 X	
Book	 X	 	 X	 	 	 X	 	 	 	
Chat	 	 	 	 	 	 	 	 X	 	
Course	Logins	 X	 X	 X	 X	 X	 X	 X	 X	 X	
Feedback	 	 	 X	 	 	 	 	 	 	
Forum	 X	 X	 X	 X	 X	 X	 X	 X	 X	
Gallery	 X	 	 	 	 	 	 	 	 	
Map	 	 	 X	 	 	 	 	 	 	
Quiz	 	 X	 X	 	 X	 X	 	 	 	
Resource	 X	 X	 X	 X	 X	 X	 X	 X	 X	
Turnitin	 X	 	 	 X	 X	 X	 	 X	 X	








#	 Module	 Name	 Description	
1	 Assignments	 AssignmentUploadCount	 Number	of	assignment	uploads.		
2	 Book	 BookPrintCount	 Number	of	book	printings.		
3	 Course	 CourseViewCount	 Number	of	course	homepage	views.	
4	 Feedback	 FeedbackCount	 Number	of	feedbacks	submitted.		
5	 Forum	 ForumSearchCount	 Number	of	forum	searches.	
6	 Turnitin	 TurnitinSubmissionCount			 Number	of	turnitin	submissions.		
	 Count	Measures	(with	corresponding	time-on-task	measure)	
#	 Module	 Name	 Description	
1	 Assignments	 AssignmentViewCount	 Number	of	assignment	views.		
2	 Book	 BookViewCount	 Number	of	book	views.	
3	 Chat	 ChatViewCount	 Number	of	chat	views.	
4	 Chat	 ChatTalkCount	 Number	of	chat	messages.	
5	 Forum	 ViewDiscussionCount						 Number	of	forum	discussion	views.	
6	 Forum	 AddPostCount	 Number	of	forum	messages	written.	
7	 Gallery	 GalleryViewCount	 Number	of	gallery	views.	
8	 Map	 MapViewCount	 Number	of	geo	map	views.	
9	 Quiz	 QuizViewCount	 Number	of	quiz	views.	
10	 Quiz	 QuizAttemptCount	 Number	of	quiz	attempts.	
11	 Quiz	 QuizReviewCount	 Number	of	quiz	reviews.	
12	 Resources	 ResourceViewCount	 Number	of	course	resource	views.	
13	 Virtual	classroom	 AdobeConnectViewCount	 Number	of	virtual	classroom	views.	
	 Time-on-Task	Measures	(with	corresponding	count	measures)	
#	 Module	 Name	 Description	
1	 Assignments	 AssignmentViewTime	 Time	spent	viewing	assignments	
2	 Book	 BookViewTime	 Time	spent	viewing	course	books.	
3	 Chat	 ChatViewTime	 Time	spent	viewing	chat	records.	
4	 Chat	 ChatTalkTime	 Time	spent	entering	chat	messages.	
5	 Forum	 ViewDiscussionTime	 Time	spent	viewing	discussions.	
6	 Forum	 AddPostTime	 Time	spent	writing	forum	messages.	
7	 Gallery	 GalleryViewTime	 Time	spent	viewing	course	galleries.	
8	 Map	 MapViewTime	 Time	spent	viewing	geo	maps.	
9	 Quiz	 QuizViewTime	 Time	spent	viewing	course	quizzes.	
10	 Quiz	 QuizAttemptTime	 Time	spent	doing	course	quizzes.	
11	 Quiz	 QuizReviewTime	 Time	spent	reviewing	quiz	results.	
12	 Resources	 ResourceViewTime	 Time	spent	viewing	resources.	










	 ACCT	 BIOL	1	 BIOL	2	 COMM	 COMP	 ECON	 GRAP	 MARK	 MATH	





















































(0.3)	 	 	 	
ChatTalkCount	 	 	 	 	 	 	 	 0.2		(2.6)	 	






































































GalleryViewCount	 0.9		(1.6)	 	 	 	 	 	 	 	 	
































































the	 system.	 Thus,	 in	 order	 to	 calculate	 the	 time	 spent	 on	 different	 activities,	 a	 difference	 between	




As	 some	of	 the	 logged	actions	have	unique	properties,	 they	 require	 special	 attention.	 For	 example,	 a	
certain	number	of	logged	activities	are	instantaneous	and	cannot	be	attributed	to	a	meaningful	duration	
of	 time	(e.g.,	marking	discussion	as	 read,	or	performing	a	search	 in	discussion	boards).	Thus,	 the	time	







Time	 User	 Action	 Duration	
…	 …	 …	 …	
T0	 User	U	 UserLogin	 0s	
T1	 User	U	 Start	Viewing	Discussion	D1	 T2	–	T1	
T2	 User	U	 Start	Viewing	Discussion	D2	 T4	–	T2	
T3	 User	U	 Mark	Discussion	D2	as	Read	 T4	–	T3	
T4	 User	U	 Start	Viewing	Discussion	D3	 0s	
T5	 User	U	 Submit	New	Message	M1	 T5	–	T4	
T6	 User	U	 Start	Viewing	Discussion	D4	 T7	–	t6	
…	 …	 prolonged	time	period	 …	
T7	 User	U	 Start	Viewing	Assignment	TMA1	 T8	–	T7	
T8	 User	U	 Start	Viewing	Resource	R1	 T9	–	T8	
…	 …	 prolonged	time	period	 …	
T9	 User	U	 User	Login	 T10	–	T9	
T10	 User	U	 Start	Viewing	Resource	R2	 T11	–	T10	
T11	 User	U	 Start	Viewing	Discussion	D5	 T12	–	T11	
T12	 User	U	 User	Login	 T13	–	T12	
















reading	the	discussion	prior	 to	writing	 the	response.	Thus,	 time	spent	reading	discussions	preceding	a	
reply	by	a	student	could	not	be	precisely	determined	from	the	current	format	of	Moodle	logs.	This	is	a	
























These	 two	problems	—	outlier	detection	and	 last-action	estimation	—	combined	with	 the	 specifics	of	








































































likely	 involve	 some	 off-task	 behaviour,	 which	 warrants	 estimation	 of	 their	 durations	 based	 on	 the	
remaining	records,	which	are	more	likely	to	be	genuine.	
	
5.3 Statistical Analysis 
 
In	order	to	examine	the	level	of	effect	different	time-on-task	estimation	procedures	have	on	the	results	
of	different	analytical	models,	we	conducted	a	 series	of	multiple	 linear	 regression	analyses.	There	are	
several	reasons	for	selecting	multiple	regression	models.	First,	different	forms	of	general	linear	models	—	
including	multiple	 linear	 regression	—	are	widely	used	 in	diverse	 research	areas	 (Hastie,	 Tibshirani,	&	
Friedman,	2013),	including	learning	analytics	and	EDM	(Romero	&	Ventura,	2010).	In	addition,	multiple	
linear	regression	 is	one	of	the	simplest	and	most	robust	models	 (Hastie	et	al.,	2013)	and	 is	one	of	the	

























Performance	Measure	 Min	 Max	 Range	 Mean	 SD	
TMA2Grade	 0.08	 0.26	 0.18	 0.14	 0.04	
TMA3Grade	 0.04	 0.17	 0.12	 0.09	 0.04	
ParticipationGrade	 0.23	 0.37	 0.13	 0.3	 0.04	
FinalGrade	 0.06	 0.28	 0.23	 0.16	 0.05	













DV	 IV	 x:x x:ev x:rm x:l60 x:l30 x:l10 l60 l30 l10 l60:ev l30:ev l10:ev +60ev +30ev +10ev 
TMA2Grade	 p-value	 0.34 0.07 0.05 0.04 0.04 0.04 0.05 0.08 0.11 0.08 0.07 0.01 0.09 0.03 0 
	 R2	 0.075 0.128 0.143 0.145 0.144 0.145 0.138 0.127 0.116 0.124 0.129 0.187 0.123 0.155 0.26 
β	coefficients	 Assign.ViewTime	 0.13 0.27 0.27 0.19 0.22 0.25 0.1 0.1 0.1 0.28 0.31 0.34 0.28 0.3 0.27 
	 Res.ViewTime	 0.05 0.03 0.11 0.15 0.13 0.12 0.19 0.19 0.19 -0.01 -0.09 -0.31 -0.1 -0.26 -0.43 
	 Disc.ViewTime	 0.02 -0.01 -0.05 0.04 0.01 -0.03 0.07 0.04 -0.01 -0.02 -0.01 0.06 0.01 0.08 0.11 
	 AddPostTime	 -0.05 -0.06 -0.05 -0.08 -0.07 -0.06 -0.14 -0.1 0.02 -0.1 -0.06 0.07 -0.05 0 0.11 
	 UpdatePostTime	 0.25 0.27 0.27 0.26 0.26 0.27 0.25 0.25 0.22 0.26 0.25 0.17 0.22 0.2 0.12 
TMA3Grade	 p-value	 0.45 0.03 0.02 0.26 0.14 0.05 0.54 0.59 0.67 0.14 0.19 0.39 0.45 0.49 0.61 
	 R2	 0.063 0.162 0.168 0.087 0.109 0.144 0.055 0.05 0.043 0.109 0.098 0.07 0.063 0.059 0.048 
β	coefficients	 Assign.ViewTime	 0.11 0.28 0.31 0.11 0.18 0.26 -0.02 -0.01 -0.01 0.22 0.21 0.14 0.12 0.14 0.05 
	 Res.ViewTime	 0.11 0.19 0.17 0.15 0.15 0.16 0.14 0.13 0.11 0.14 0.12 0.12 0.08 0.03 0.24 
	 Disc.ViewTime	 0.04 -0.07 -0.09 0.03 -0.01 -0.06 0.06 0.05 0.04 -0.04 -0.03 0 0.02 0.05 0.03 
	 AddPostTime	 -0.07 -0.09 -0.08 -0.1 -0.09 -0.09 -0.04 -0.03 -0.01 -0.04 -0.04 -0.01 0.02 -0.02 0.02 
	 UpdatePostTime	 0.19 0.23 0.23 0.2 0.21 0.23 0.17 0.17 0.15 0.19 0.19 0.17 0.16 0.16 0.13 
Part.Grade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 R2	 0.234 0.261 0.264 0.26 0.265 0.266 0.295 0.316 0.341 0.331 0.35 0.366 0.332 0.335 0.297 
β	coefficients	 Assign.ViewTime	 -0.04 -0.01 0 -0.03 -0.02 -0.01 0.01 0.01 0.01 0.11 0.11 0.09 0.1 0.09 0.06 
	 Res.ViewTime	 0.12 0.2 0.18 0.21 0.2 0.19 0.13 0.11 0.11 0.09 0.07 0.08 0.04 0.03 0.13 
	 Disc.ViewTime	 -0.16 0.11 0.12 0.13 0.14 0.13 0.11 0.13 0.13 0.13 0.16 0.17 0.21 0.22 0.2 
	 AddPostTime	 0.43 0.34 0.34 0.34 0.34 0.34 0.43 0.45 0.48 0.43 0.45 0.48 0.43 0.46 0.43 
	 UpdatePostTime	 0.13 0.12 0.12 0.11 0.11 0.12 0.06 0.03 -0.01 0.06 0.02 -0.02 0.03 -0.03 0 
FinalGrade	 p-value	 0.49 0.05 0.03 0.03 0.02 0.03 0.06 0.05 0.04 0.03 0.01 0 0.02 0 0 
	 R2	 0.056 0.134 0.147 0.153 0.157 0.154 0.131 0.133 0.143 0.147 0.17 0.254 0.163 0.221 0.283 
β	coefficients	 Assign.ViewTime	 0.13 0.26 0.24 0.24 0.24 0.24 0.21 0.21 0.23 0.35 0.4 0.44 0.38 0.41 0.34 
	 Res.ViewTime	 0.05 0.03 0.12 0.13 0.13 0.13 0.13 0.13 0.12 -0.06 -0.15 -0.34 -0.17 -0.33 -0.43 
	 Disc.ViewTime	 -0.05 0.08 0.04 0.07 0.06 0.04 0.05 0.05 0 0.03 0.05 0.1 0.08 0.14 0.16 
	 AddPostTime	 0.08 0.03 0.04 0.03 0.03 0.03 -0.01 0 0.1 0 0.03 0.13 0.04 0.08 0.11 
	 UpdatePostTime	 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.16 0.13 0.16 0.14 0.06 0.11 0.09 0.03 
CoIHigh	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 R2	 0.263 0.274 0.278 0.266 0.272 0.277 0.244 0.249 0.273 0.252 0.254 0.262 0.254 0.218 0.207 
β	coefficients	 Assign.ViewTime	 0.02 -0.01 0 -0.05 -0.03 -0.01 -0.09 -0.13 -0.16 -0.15 -0.17 -0.13 -0.21 -0.08 -0.07 
	 Res.ViewTime	 0.12 0.14 0.16 0.17 0.17 0.16 0.13 0.15 0.19 0.06 0.06 0.01 0.05 -0.01 -0.07 
	 Disc.ViewTime	 -0.14 0.11 0.09 0.07 0.08 0.09 0.03 0.04 0.02 0.16 0.17 0.14 0.18 0.12 0.12 
	 AddPostTime	 0.42 0.35 0.36 0.36 0.36 0.36 0.37 0.37 0.41 0.37 0.37 0.42 0.33 0.36 0.37 
	 UpdatePostTime	 0.22 0.2 0.2 0.19 0.19 0.2 0.17 0.15 0.12 0.15 0.13 0.09 0.16 0.12 0.11 
	














































measures.	 Only	 the	 simplest	 x:x	 strategy	 performed	 significantly	 worse,	 while	 l10,	 +30ev,	 and	 +10ev	






































obtained	R2	 values,	 and	 similarly,	 in	 the	 accounting	 (ACCT)	 and	 graphics	 (GRAP)	 courses	most	 of	 the	
strategies	had	very	similar	R2	values.	The	largest	effect	was	observed	for	the	two	biology	courses	and	for	
the	mathematics	 course.	 Interestingly,	 in	 case	of	 the	 first	 biology	 (BIOL	1)	 and	 the	marketing	 (MARK)	
courses,	 count	 measures	 outperformed	 most	 time-on-task	 estimation	 strategies	 with	 only	 the	 l:10	
strategy	performing	equally	as	well	as	the	count	measures.	The	biggest	benefit	from	the	use	of	time-on-
task	measures	was	achieved	for	the	second	biology	(BIOL	2)	and	the	mathematics	(MATH)	courses.	With	














Dawson,	 Rogers,	&	Gašević,	 2015;	 Trigwell	 et	 al.,	 1999).	Given	 that	 the	 used	 count	measures	 did	 not	
change	because	of	the	adopted	time-on-task	estimation	strategies	and	given	that	they	accounted	for	most	
of	 the	variability,	 the	effect	was	very	 limited.	Thus,	 the	use	of	count	measures	alongside	 time-on-task	
measures	 limited	 the	 effect	 that	 different	 estimation	 strategies	 could	have	on	 the	 results	 of	 the	 final	
regression	analyses.	
	
The	 variations	 of	 individual	 regression	 coefficients	 and	 their	 significance	 across	 different	 time-on-task	
estimation	strategies	show	similar	variations	observed	as	in	the	analyses	performed	on	the	fully	online	








Course	 Min	 Max	 Range	 Mean	 SD	
ACCT	 0.16	 0.2	 0.04	 0.17	 0.01	
BIOL1	 0.12	 0.22	 0.09	 0.17	 0.02	
BIOL2	 0.15	 0.26	 0.11	 0.21	 0.04	
COMM	 0.58	 0.6	 0.02	 0.59	 0	
COMP	 0.53	 0.54	 0.01	 0.54	 0	
ECON	 0.38	 0.4	 0.02	 0.39	 0	
GRAP	 -0.01	 0.05	 0.06	 0.01	 0.03	
MARK	 0.34	 0.38	 0.03	 0.36	 0.01	

















DV	 IV	 x:x x:ev x:rm x:l60 x:l30 x:l10 l60 l30 l10 l60:ev l30:ev l10:ev +60ev +30ev +10ev 
ACCT	FinalGrade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 adj.	R2	 0.199 0.158 0.16 0.16 0.16 0.16 0.172 0.17 0.168 0.17 0.17 0.17 0.168 0.163 0.156 
β	coefficients	 Assign.Upl.Count	 -0.21 -0.21 -0.19 -0.19 -0.19 -0.19 -0.17 -0.16 -0.16 -0.21 -0.21 -0.21 -0.2 -0.21 -0.21 
	 BookPrintCount	 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
	 CourseViewCount	 0.16 0.19 0.17 0.17 0.17 0.17 0.18 0.2 0.2 0.24 0.24 0.24 0.18 0.17 0.18 
	 ForumSearchCount	 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0 0 0 0.01 0.01 0.02 
	 Turn.Su.CountLog	 0.5 0.49 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.48 0.48 0.48 0.47 0.47 0.48 
	 Assign.ViewTime	 -0.07 0.05 0 0 0 0 -0.05 -0.06 -0.06 0.05 0.05 0.05 0.01 0.01 -0.01 
	 BookViewTime	 -0.11 0 -0.08 -0.08 -0.08 -0.08 -0.12 -0.11 -0.1 0.02 0.02 0.02 0.01 0.01 -0.02 
	 ViewDisc.Time	 0.03 0.03 -0.01 -0.01 -0.01 -0.01 0.01 0.01 0.01 0.04 0.04 0.04 0.08 0.06 0.03 
	 AddPostTime	 0 0 0.02 0.02 0.02 0.02 -0.06 -0.07 -0.07 -0.08 -0.08 -0.08 0.02 0.03 0.02 
	 GalleryViewTime	 -0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.01 -0.01 0.02 0.02 0.02 0.04 0.03 0.01 
	 Res.ViewTime	 0.16 -0.04 0.04 0.04 0.04 0.04 0.11 0.1 0.1 -0.09 -0.09 -0.09 -0.09 -0.08 0 
BIOL1	FinalGrade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 adj.	R2	 0.154 0.179 0.173 0.174 0.173 0.173 0.165 0.193 0.215 0.144 0.166 0.187 0.14 0.123 0.161 
β	coefficients	 CourseViewCount	 0.37 0.18 0.15 0.15 0.15 0.15 0.24 0.23 0.21 0.39 0.39 0.39 0.4 0.38 0.35 
	 ForumSearchCount	 0.01 0 0.01 0.01 0.01 0.01 0.03 0.03 0.02 0.03 0.03 0.01 0.03 0.02 0.02 
	 Assign.ViewTime	 0 -0.02 0.02 0.02 0.02 0.02 -0.08 -0.08 -0.03 -0.07 -0.04 -0.02 -0.07 -0.06 -0.16 
	 ViewDisc.Time	 0.15 0.14 0.16 0.16 0.16 0.16 0.23 0.24 0.26 0.01 0 0.01 -0.06 -0.01 -0.07 
	 AddPostTime	 0.03 0.06 0.05 0.05 0.05 0.05 -0.05 -0.07 -0.09 0.02 0 -0.02 0.02 0.05 0.05 
	 QuizViewTime	 0 0.03 0.03 0.03 0.03 0.03 -0.17 -0.25 -0.25 -0.2 -0.26 -0.24 -0.14 0.02 -0.1 
	 QuizAttemptTime	 0.06 -0.06 -0.04 -0.04 -0.04 -0.04 0.16 0.29 0.35 0.13 0.27 0.34 0.09 -0.01 0.04 
	 QuizReviewTime	 0.03 0.09 0.08 0.08 0.08 0.08 0.04 0.05 0.05 0.05 0.04 0.04 0.02 -0.03 -0.02 
	 Res.ViewTime	 0.11 0.23 0.21 0.21 0.21 0.21 0.12 0.11 0.07 0.07 0.05 0.02 0.03 0.03 0.08 
BIOL2	FinalGrade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 adj.	R2	 0.206 0.229 0.26 0.26 0.26 0.26 0.242 0.236 0.236 0.174 0.168 0.163 0.162 0.157 0.154 
β	coefficients	 BookPrintCount	 -0.01 0 0 0 0 0 -0.01 -0.01 -0.01 0 0 0 0 0 0 
	 CourseViewCount	 0.28 0.05 0.02 0.02 0.02 0.02 0.01 0.01 -0.01 0.29 0.31 0.31 0.27 0.28 0.27 
	 FeedbackCount	 0.17 0.17 0.17 0.17 0.17 0.17 0.16 0.16 0.16 0.2 0.21 0.21 0.18 0.19 0.18 
	 ForumSearchCount	 -0.06 -0.06 -0.04 -0.04 -0.04 -0.04 -0.04 -0.04 -0.04 -0.04 -0.05 -0.05 -0.07 -0.07 -0.08 
	 BookViewTime	 0.02 0.04 -0.07 -0.07 -0.07 -0.07 -0.04 -0.03 -0.02 0.04 0.04 0.04 0.04 0.04 0.04 
	 ViewDisc.Time	 -0.08 -0.05 -0.1 -0.1 -0.1 -0.1 -0.07 -0.04 0 0.03 0.03 0.03 0.03 0.03 0.01 
	 AddPostTime	 0.04 0.02 0.04 0.04 0.04 0.04 -0.01 -0.03 -0.04 -0.11 -0.11 -0.11 0.01 -0.01 0.02 
	 MapViewTime	 0.02 0.04 0.02 0.02 0.02 0.02 -0.04 -0.04 -0.06 0.04 0.04 0.04 0.03 0.03 0.03 
	 QuizViewTime	 0.11 0.09 0.07 0.07 0.07 0.07 0.05 0.05 0.12 0.06 0.06 0.05 0.05 0.05 0.06 
	 QuizAttemptTime	 0 0.07 0.17 0.17 0.17 0.17 0.13 0.14 0.08 0.02 0.01 0 0.02 0.02 0.02 
	 QuizReviewTime	 0.07 0.05 -0.04 -0.04 -0.04 -0.04 X X X 0.13 0.1 0.06 0.1 0.07 0.04 
	 Res.ViewTime	 0.19 0.32 0.35 0.35 0.35 0.35 0.35 0.33 0.33 -0.07 -0.08 -0.08 -0.08 -0.08 -0.08 
	 AdobeCo.ViewTime	 0.02 0 -0.01 -0.01 -0.01 -0.01 0.03 0.02 0.01 0.02 0.02 0.02 0.02 0.03 0 
COMM	FinalGrade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 adj.	R2	 0.595 0.59 0.585 0.585 0.585 0.585 0.593 0.592 0.589 0.586 0.586 0.586 0.582 0.583 0.58 
β	coefficients	 Assign.Upl.Count	 -0.53 -0.58 -0.58 -0.58 -0.58 -0.58 -0.58 -0.58 -0.58 -0.57 -0.57 -0.57 -0.57 -0.56 -0.56 
	 CourseViewCount	 0.08 0.05 0.06 0.06 0.06 0.06 0.02 0.03 0.04 0.09 0.09 0.09 0.12 0.12 0.12 
	 ForumSearchCount	 -0.01 -0.01 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 0 0 0 -0.01 0 -0.01 
	 Turn.Su.CountLog	 1.05 1.12 1.12 1.12 1.12 1.12 1.1 1.1 1.1 1.14 1.14 1.14 1.14 1.13 1.11 
	 Assign.ViewTime	 0.09 0.1 0.09 0.09 0.09 0.09 0.11 0.11 0.09 0.02 0.02 0.02 0.02 -0.01 0.03 
	 ViewDisc.Time	 0.12 0.03 0.03 0.03 0.03 0.03 0.07 0.06 0.05 0.02 0.02 0.02 0.01 0.01 0.02 
	 AddPostTime	 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 0.05 0.05 0.05 0.06 0.06 0.06 -0.02 -0.02 -0.01 









DV	 IV	 x:x x:ev x:rm x:l60 x:l30 x:l10 l60 l30 l10 l60:ev l30:ev l10:ev +60ev +30ev +10ev 
COMP	FinalGrade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 adj.	R2	 0.541 0.536 0.537 0.537 0.537 0.537 0.544 0.544 0.543 0.533 0.533 0.533 0.533 0.533 0.535 
β	coefficients	 Assign.Upl.Count	 -0.45 -0.47 -0.47 -0.47 -0.47 -0.47 -0.44 -0.43 -0.43 -0.46 -0.46 -0.46 -0.47 -0.46 -0.46 
	 CourseViewCount	 0.13 0.12 0.13 0.13 0.13 0.13 0.14 0.14 0.14 0.13 0.13 0.13 0.13 0.13 0.13 
	 Turn.Su.CountLog	 1.03 1.04 1.03 1.03 1.03 1.03 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.03 1.03 
	 Assign.ViewTime	 -0.03 0.02 0.02 0.02 0.02 0.02 -0.04 -0.04 -0.04 0.02 0.02 0.02 0.03 0 0.01 
	 QuizViewTime	 -0.1 -0.04 -0.05 -0.05 -0.05 -0.05 -0.17 -0.2 -0.2 -0.03 -0.03 -0.03 -0.03 -0.03 -0.05 
	 QuizAttemptTime	 0.01 0.01 -0.02 -0.02 -0.02 -0.02 0.1 0.12 0.1 0.02 0.01 0.02 0.01 0.01 0.02 
	 QuizReviewTime	 0.01 -0.05 -0.04 -0.04 -0.04 -0.04 0.04 0.06 0.07 -0.01 0 0 -0.01 -0.02 -0.04 
	 Res.ViewTime	 0.04 0 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0 0 0 0.01 0.01 0 
ECON	FinalGrade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 adj.	R2	 0.396 0.386 0.386 0.386 0.386 0.386 0.384 0.385 0.386 0.38 0.38 0.381 0.388 0.385 0.388 
β	coefficients	 Assign.Upl.Count	 -0.43 -0.45 -0.45 -0.45 -0.45 -0.45 -0.44 -0.43 -0.42 -0.45 -0.45 -0.45 -0.44 -0.44 -0.45 
	 BookPrintCount	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 CourseViewCount	 0.14 0.08 0.05 0.05 0.05 0.05 0.08 0.1 0.11 0.13 0.13 0.12 0.17 0.17 0.16 
	 ForumSearchCount	 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
	 Turn.Su.CountLog	 0.86 0.87 0.88 0.88 0.88 0.88 0.88 0.89 0.88 0.87 0.87 0.87 0.84 0.85 0.86 
	 Assign.ViewTime	 0.01 0 -0.01 -0.01 -0.01 -0.01 -0.07 -0.09 -0.11 -0.01 -0.01 -0.01 -0.06 -0.06 -0.05 
	 BookViewTime	 0 -0.01 -0.02 -0.02 -0.02 -0.02 0.03 0.03 0.02 -0.01 -0.01 -0.01 -0.02 -0.01 0.03 
	 ViewDisc.Time	 0.06 0.02 0.04 0.04 0.04 0.04 0.02 0.01 0 0 0 0 0 0.01 0.02 
	 AddPostTime	 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.03 0.02 0.05 
	 QuizViewTime	 -0.02 0 0.05 0.05 0.05 0.05 0 -0.01 0.01 -0.03 -0.03 -0.03 -0.04 -0.04 -0.07 
	 QuizAttemptTime	 -0.01 -0.01 0.05 0.05 0.05 0.05 0.13 0.14 0.13 -0.02 -0.02 -0.02 -0.02 -0.02 -0.01 
	 QuizReviewTime	 0.04 0.05 -0.01 -0.01 -0.01 -0.01 -0.1 -0.1 -0.11 0.04 0.04 0.04 0.05 0.06 0.06 
	 Res.ViewTime	 0.12 0.12 0.09 0.09 0.09 0.09 0.08 0.07 0.09 0.04 0.04 0.06 -0.06 -0.01 -0.02 
GRAP	FinalGrade	 p-value	 0.56 0.64 0 0 0 0 0.62 0.64 0.61 0.64 0.64 0.64 0.42 0.35 0.32 
	 adj.	R2	-0.005 -0.006 0.054 0.054 0.054 0.054 -0.006 -0.006 -0.006 -0.006 -0.006 -0.006 -0.002 0.001 0.002 
β	coefficients	 CourseViewCount	 0.07 0.07 0.18 0.18 0.18 0.18 0.09 0.07 0.05 0.07 0.07 0.07 0.08 0.08 0.09 
	 Res.ViewTime	 0.04 -0.01 -0.27 -0.27 -0.27 -0.27 -0.03 0.01 0.03 0 0 0 0.07 0.08 0.09 
MARK	FinalGrade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 adj.	R2	 0.366 0.349 0.361 0.361 0.361 0.361 0.376 0.376 0.378 0.347 0.347 0.347 0.353 0.35 0.345 
β	coefficients	 Assign.Upl.Count	 -0.45 -0.48 -0.46 -0.46 -0.46 -0.46 -0.45 -0.44 -0.44 -0.47 -0.47 -0.47 -0.46 -0.46 -0.47 
	 CourseViewCount	 0.14 0.15 0.15 0.14 0.15 0.15 0.2 0.23 0.26 0.18 0.18 0.18 0.16 0.16 0.16 
	 ForumSearchCount	 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
	 Turn.Su.CountLog	 0.88 0.89 0.88 0.88 0.88 0.88 0.87 0.88 0.88 0.87 0.87 0.87 0.87 0.87 0.88 
	 Assign.ViewTime	 -0.08 0.02 -0.01 0 -0.01 -0.01 -0.04 -0.06 -0.08 0.01 0.01 0.01 0.06 0.01 -0.01 
	 ChatViewTime	 0 0 0 0 0 0 -0.03 -0.02 -0.01 0 0 0 0 0 0 
	 ChatTalkTime	 -0.04 -0.03 -0.02 -0.02 -0.02 -0.02 0.01 0.01 0.01 -0.02 -0.02 -0.02 -0.07 -0.07 -0.03 
	 ViewDisc.Time	 0.03 -0.04 -0.08 -0.08 -0.08 -0.08 -0.18 -0.19 -0.21 -0.02 -0.02 -0.02 -0.03 -0.03 0.01 
	 AddPostTime	 -0.05 -0.04 -0.03 -0.03 -0.03 -0.03 0.01 0 0 -0.06 -0.07 -0.07 -0.03 -0.04 -0.04 
	 Res.ViewTime	 0.11 0.06 0.13 0.13 0.13 0.13 0.17 0.15 0.14 -0.03 -0.03 -0.03 -0.02 -0.03 -0.01 
MATH	FinalGrade	 p-value	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
	 adj.	R2	 0.206 0.262 0.21 0.211 0.211 0.21 0.231 0.226 0.221 0.257 0.257 0.256 0.24 0.252 0.243 
β	coefficients	 Assign.Upl.Count	 -0.46 -0.45 -0.45 -0.45 -0.45 -0.45 -0.45 -0.45 -0.46 -0.49 -0.48 -0.49 -0.45 -0.42 -0.41 
	 CourseViewCount	 0.33 0.2 0.22 0.22 0.22 0.22 0.06 0.1 0.14 0.25 0.26 0.27 0.36 0.34 0.32 
	 ForumSearchCount	 0.01 0.01 0.01 0.01 0.01 0.01 0 0 -0.01 -0.02 -0.02 -0.02 0 0.01 0.01 
	 Turn.Su.CountLog	 0.64 0.65 0.63 0.63 0.63 0.63 0.58 0.59 0.6 0.66 0.66 0.66 0.65 0.61 0.6 
	 Assign.ViewTime	 -0.05 -0.11 -0.01 -0.01 -0.01 -0.01 0.1 0.09 0.06 -0.11 -0.11 -0.11 X -0.02 -0.03 
	 ViewDisc.Time	 0.08 0.19 0.08 0.09 0.09 0.08 0.1 0.1 0.1 0.17 0.17 0.17 0.14 0.14 0.04 
	 AddPostTime	 -0.06 -0.05 -0.05 -0.05 -0.05 -0.05 0.09 0.1 0.1 0.12 0.12 0.12 -0.06 -0.06 -0.06 










8.1 Discussion of the Results with the Online Course Dataset 
 
From	 the	 results	 of	 multiple	 regression	 models,	 investigating	 the	 effect	 of	 different	 time-on-task	














































individual	 regression	 coefficients	 and	 their	 statistical	 significance,	 were	 varied	 considerably	 across	
different	 time-on-task	 estimation	 strategies.	 However,	 in	 contrast	 to	 the	 first	 experiment	 where	 the	
average	variation	in	R2	was	0.15,	the	average	variation	of	R2	values	in	the	range	of	0.05	for	the	blended	
dataset	 implies	 that	 inclusion	 of	 count	 measures	 can	 lower	 the	 effect	 of	 the	 adopted	 time-on-task	













the	 best	 fit	 in	 three	 out	 of	 the	 five	 cases	 in	 the	 analyses	 of	 the	 online	 dataset	—	were	 not	 the	 best	
performing	 in	 any	 course.	Only	 in	 the	 case	of	 the	mathematics	 course,	 the	 third	 and	 fourth	 group	of	
strategies	 provided	 similar	 results	 as	 the	 best	 performing	 x:rm	 strategy	 from	 the	 first	 group.	 The	
investigation	 about	 the	 underlying	 reasons	 for	 the	 observed	 differences	 between	 the	 findings	 of	 the	
analyses	of	both	datasets	provide	an	important	direction	for	further	research.	
	
















each	 session	 of	 the	 fully	 online	 course	 had	 about	 four	 times	 more	 actions	 and	 over	 20	 times	 more	
messages	than	each	of	the	blended	courses	in	the	second	dataset.	Given	this	clear	difference	in	the	two	
datasets,	 it	 is	very	likely	that	the	importance	of	time-on-task	estimation	is	more	critical	for	fully	online	









on-task	 estimation	 becomes	 a	 critical	 part	 of	 standard	 research	 practice	 in	 the	 learning	 analytics	

























is	 currently	 not	 possible	 to	 give	 conclusive	 recommendations	 for	 selection	of	 time-on-task	 estimation	






















and	 reproducible	 research,	 it	 would	 be	 very	 useful	 —	 from	 a	 practical	 perspective	 —	 to	 develop	 a	


















models	 and	 their	 interpretation.	 Second,	 with	 the	 goal	 of	 providing	 better	 groundwork	 for	 open,	
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